The nanocomposite particles named as γ-Al 2 O 3 /Fe 3 O 4 /SiO 2 /poly(glycidyl methacrylate) or γ-Al 2 O 3 /Fe 3 O 4 /SiO 2 /PGMA were prepared by multi-step process. At first, γ-Al 2 O 3 nanoparticles were prepared by sol-gel method. Magnetite, Fe 3 O 4, nanoparticles were then precipitated by in situ co-precipitation in presence of γ-Al 2 O 3 particles, followed by incorporation of mesoporous silica layer using Stöber process. Finally, the surface of the γ-Al 2 O 3 /Fe 3 O 4 /SiO 2 nanocomposite particles was modified by seeded polymerization of GMA using free radical polymerization. The surface modification, morphology and size distribution of the prepared nanocomposite particles were confirmed by FTIR, scanning electron microscopy (SEM) and thermogravimetric analysis (TGA). The adsorption capacity of γ-Al 2 O 3 /Fe 3 O 4 /SiO 2 /PGMA nanocomposite particles was evaluated using remazol navy RGB (RN-RGB) as a model dye.
Introduction
Porous ceramics have become increasingly important in industry due to their numerous applications and utilizations [1] . Alumina (Al 2 O 3 ) is used for making porous ceramics because most of the alumina-based ceramics possess relatively high strength along with improved thermal and chemical stability [2] . Porous Al 2 O 3 materials are used in various forms e.g. as polymeric foams for packaging and porous ceramics for water purification [3] . Among different classes of Al 2 O 3 the crystal structure of γ-Al 2 O 3 is of hexagonal plate with large surface area. This made the γ-Al 2 O 3 useful in catalysis and in absorbent applications [4] . Within the last 15 years, inorganic nanostructures including metal oxides, ceramics and composites have gained more and more attraction to the scientific world and stimulated research on sometimes fancy ideas for future applications like molecular manufacturing or space elevators as well as on serious products for consumer goods, health, medical or food technology [5] [6] [7] [8] [9] . Nanomaterials provide a powerful tool for detection and treatment of pollutants from the environment. Among the varieties of the superparamagnetic nanoparticles Fe 3 O 4 has received extensive attentions due to its unique magnetic properties and feasibility of preparation [10] [11] [12] , high surface to volume ratio. In this study, we focused on Fe 3 O 4 -γ-Al 2 O 3 mixed nanocomposite. The combination of multiple materials often minimizes or masks the adverse properties of individual component materials to yield a better result. Combining the above two kinds of materials (porous ceramic γ-Al 2 O 3 and Fe 3 O 4 ) it is possible to develop new ceramic-nanoceramic composites which could be used as adsorbents and magnetic supports of high effectiveness because of their ability to be prepared in granular and other engineered form.
In the present investigation attempt was made to prepare hybrid epoxide functional γ-Al 2 nanocomposite particles to make the surface compatible for seeded polymerization [13] . These hybrid magnetic polymer particles are capable to ensure a strong magnetic response and polymeric material can provide favorable functional groups and ability to protect nanoparticles aggregation [14] . The adsorptive potential of γ-Al 2 O 3 /Fe 3 O 4 /SiO 2 /PGMA nanocomposite particles was evaluated for removal of remazol navy RGB (RN-RGB), an azo dye used extensively in the commercial textile industry.
Materials
Aluminium nitrate nonahydrate Al(NO 3 ) 3 .9H 2 O and urea both from E-Merck, Germany, cationic surfactant cetyl trimethyl ammonium bromide (CTAB) from Fluka, Biochemica, Switzerland were used without purification. Tetraethyl orthosilicate (TEOS) from SigmaAldrich Chemie, USA, was preserved in refrigerator before use. Glycidyl methacrylate (GMA) of monomer grade purchased from Fluka, Chemika, Switzerland was passed through activated basic alumina column to remove inhibitors. 2,2'-Azobis(2-amidinopropane)dihydrochloride (V-50) from LOBA Chem. India, was recrystallized from distilled water and preserved in the refrigerator before use. RN-RGB was obtained from a local dye industry. Ferric chloride (FeCl 3 ), ferrous sulphate heptahydrate (FeSO 4 .7H 2 O), NH 4 OH, citric acid, HNO 3 acid and other chemicals were of analytical grade.
Scanning electron microscope or SEM (Hitachi, SU8000, Japan) was used to see the morphology and particle size distribution. IR spectrophotometer, FTIR (Perkin Elmer, FTIR-100, UK) was used for surface analysis. Thermal analyses were carried out using thermal analyzer, TGA (STA 8000, Perkin Elmer, Netherlands). Visible Spectrophotometer (Optima SP-300, Tokyo, Japan) was used during adsorption experiment of dye. Centrifuge machine (TG16-WS) from Kokuson Corporation, Tokyo, Japan was used for separating the dye loaded nonocomposite particles after dye adsorption.
Preparation of γ-Al 2 O 3 particles
Al(NO 3 ) 3 .9H 2 O (35 g), distilled deionized water (35 g) and urea (72 g) were mixed keeping the molar ratio of Al 3+ /urea at 1/13 and magnetically stirred at ~200 rpm for about 1 h. Temperature was then raised to 90°C and heating was continued for around 12 h to yield Al 2 O 3 sol. The sol was heated for another 3 h to a transparent gel. The freshly prepared Al 2 O 3 gel was dried at 300°C for 3 h to eliminate the remaining urea and nitrate. (17 g ) was taken in a three necked round bottomed flask dipped in a thermostat water bath maintained at 75°C. GMA (0.40 g) was added into the reaction flask and polymerization was started using initiator V-50 (0.012 g). The mixture was stirred mechanically at 100 rpm for 12 h under a nitrogen gas. The produced nanocomposite particles were washed magnetically three times by deionised distilled water to remove any unreacted monomer and initiator fragments.
Preparation of γ-Al

Adsorption procedure
Continuous adsorption experiments were carried out in 100 mL beakers containing the dye solution of the desired concentration and the known amount of γ-Al 2 O 3 /Fe 3 O 4 /SiO 2 /PGMA nanocomposite particles. The beaker was covered with aluminium foil and magnetically stirred till equilibrium time was reached. The dye solution was then separated from the adsorbent by centrifugation at 1200 rpm and the remaining dye concentration in the supernatant was determined by using visible spectrophotometer at its specific max (620 nm).
Dye uptake at equilibrium q e was determined by, q e = (C 0 -C e ) V/W Where C 0 and C e (mg/L) are the initial and equilibrium concentrations of the dye solutions, V (L) is the volume of the solution and W (g) is the mass of the adsorbent used.
Also percentage of removal (%R) of dye was calculated from % R = [(C 0 -C e )/C 0 ] x 100 Continuous experiments were performed at different time intervals and different initial dye concentrations. From the SEM image of γ-Al 2 O 3 particles (Fig. 3 ) some hexagonal flake shaped particles can be observed. Following precipitation of magnetic iron oxide on the surface of γ-Al 2 O 3 particles, the morphology of γ-Al 2 O 3 /Fe 3 O 4 nanocomposite particles bit changed to some needle like morphology. Such orientation may have occurred either during preparation or during drying for SEM sample preparation as rarely observed for magnetic particles [16] . The morphology of γ-Al 2 O 3 /Fe 3 O 4 /SiO 2 nanocomposite particles is mostly spherical and the needle like orientation of γ-Al 2 O 3 /Fe 3 O 4 composite particles almost disappears, possibly owing to the weakened magnetic interaction resulted from the coverage with silica layer. In the SEM image (Fig. 3d) The contact time dependent change in removal efficiency of RN-RGB by γ-Al 2 O 3 /Fe 3 O 4 /SiO 2 /PGMA nanocomposite particles (0.01 g) with initial dye concentration being adjusted to 100 mg/L is shown in Fig. 4 . The mechanism of dye removal can be described by the migration of the dye molecule from the solution to the adsorbent particle and diffusion through the surface [17] . It can be noticed that initially dye adsorption is rapid and thereafter, the adsorption magnitude remained unchanged. At this point, the amount of dye being adsorbed onto the adsorbent was in a state of dynamic equilibrium with the amount of dye desorbed from the adsorbent [18] . The time required to attain this state of equilibrium was taken as the equilibrium time and the amount of dye removed at the equilibrium time reflected the maximum dye adsorption capacity of the adsorbent under the experiment conditions [19] . The effect of initial dye concentration on percentage adsorption of the dye is shown in Fig. 5A . The adsorption of the dye at equilibrium decreases from 92.45% to 29.40% with increase in dye concentration from 20 mg/L to 100 mg/L (Fig. 5a ). This may be attributed to surplus dye molecules being present in the solution, with respect to the available active adsorption sites owing to fixed surface area of γ-Al 2 O 3 /Fe 3 O 4 /SiO 2 /PGMA nanocomposite particles [20] . As shown in Fig. 5B , the adsorption magnitude on γ-Al 2 O 3 /Fe 3 O 4 /SiO 2 /PGMA nanocomposite particles increases with the increase in the initial dye concentration. Initial concentration provides an important driving force to overcome all mass transfer resistance of the reactive dye between the aqueous and solid phases [21] . 
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